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Central America is on the northern edge of the area of The results obtained in these observations are thought . 
eatest diurnal pressure variation in the Western 

America and the north-central portions of South America. 
gernisphere, an area which? roughly, embraces Central 

fa i in pressure from noon to 1 p. m. is about 0.04 inch. 

As an example of the change that may occur in this 
re ion it is noted that at  Mexico City the average diurnal 

The hourly rate of fall is, however, considerably less 
than that observed by capt. Jackson for t,he hour 

afternoon houri is ully as much. 

DIURNAL PRESSURE cHANQE I N  GULF OF FONSECA. 
Capt. E* '. Jacbony 'Ommanding Officer Of the s. '* 

consi ered to be an instance of unusual 
TWOmn, re Orted t8he Hydrographic 13-1 p. m., althou h the average total fall for all the 
office what he B pressure change* During the period from Jan- 
'lmy 39 t' Febnlary " 9  1930, u.hile t'he Ta'coma was 
stationed at Amdpa, Honduras, Gulf Of Follseca, capt. 
Jackson Observed dai9y bet'veen the hours Of l3 shows 
noon and 1 p. m. a very shar fall in the barograph trace. 

to February 4, inclusive, during which the fall was most 
pronounced, was slightly more than 0.05 inch. There F ~ ~ ~ ~ ~ ~ .  
was no accompanying noticeable weather change. 

The barometric trace from the: Weather Bureau sta- 
tion at  Swali Island, off northern coast of Honduras, 
the; nearest point from wliich such a record is available, 

no uliusual chmacteristics for the period in 

promisec1 a furt,her re ort to be f 
me average for 8- R ay period, from Januav 39 Capt. Jacksol1 

made from L~ ~ ~ ~ i ~ ~ ,  Salvnclor, also ill Gulf of 

THE CLIMATE OF JAPAN AND FORMOSA. 

By ELLEN MARY SANDERS.~ 

The climate of the festoon of islands which begins in the 
south with Formosa near latitude 21 O N:, and stretches 
no:thward t.0 Y ~ Z O  near latitude 4 6 O  N.. is esceptionslly 
interesting, not only IM illiistrating the change of climate 
which naturally comes about y1t.h such a. change of 
latitude, but becau9e it presents so gent  n contra.st to the 
other countries bordering the ocenns lying in tahe same 
lat,itude. 9 h g e  body of data is now rt.\-nilnblr?, Biiice 
t.he Central Meteorolo i d  Observntory OF Tokio has 
been a.t work for ove;. t. K iirty years observing and collect,- 
ing the reru1t.s of other o h w v r s ,  and the ohser\-nt,oriea of 
Formosa have been wnrkiii for close upnn tw-cnt.j- years. 
so that a more detailec1 &soription of t.lie clinint,e of 
Japun and Fprmosa is.possil)le t,han Iiw fls yet been givm 
Suoh a: description is the aim of t,he present article. Jt 
can only be revardecl ns ttmtative, linblc to modilioa.t,ion 
when furthm (rata nre forthroinino. 

No description of the climate o?Japan would be coni- 
plete which did not emphaize the influence of the 
continent of Asia. Therefore, at the risk of repeatin 
what is already well known an introductory account o 
the general results of the position of tlie islands is included. 
This is followed bv a consideration as to the effects of 
ocean currents, and an account of the storms to which tlie 
islands are subject, on botlh of which topics new material 
is available. After those general considerations a 
datailcd description of the clinintic zones is given, based 
on the re ort,s of the observatories of Japan and Formosa. 

Ceneru! rest& qf' po.s-i.~~on..'--Japaii is situated off the 
east coast of A&, so that during the cold semon it has 
an immense stretch of frozen land to windward, and ;is a 
result its temperature is far colder than is normal for its 
lad t,ude. In a.ddition to the modification in temperature 
the distribution of rainfall is also a result of the prosirnit,?- 
of the great land mass. 

In winter the central part of Asi? becomes an area of 
high pressure since the land cools more quickly t.han t.he 
watey? therefox t,he winds blow out from the cmter. 
Fig. 1 shows tlie winter winds of Japm mid Foimnsti. 
Japan comes into the tcack of those winds which blow 
from the NW. coming ucrosx the cold lands of northe .n 
Asia. To these wincls the north coast of Japan ow'es its 
rain, and the cold winter, purticulaAy marked in the 
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2 Atlas of Meteorology. Bartholomew and Hcrbertson, (a) Plate 14 Pressure. 
scholar, Bryn Maw, V. 9. A. 

island of Tczo. F o ! T ~ ~ o s ~ ~ ,  on t,hc ot.l:t?r hand! comes 
into the zone of t.he NE. TrmIe Winds during its ooid 
season, and thus. has  winds coming over tlie ocean from a 
northeasterly tliroctioii. 

Tn summer the c e n t d  part of Asia becomes an area of 
low pressure, due to the heating of t,he lnnd iiit~s, and 
coiisequ~iit,ly winds blow iii toward t,he center from all 
sides. Fig. 3 shows the direction of such of these winds 
as cross Jn mi. It. v;ill be nut.icerl t.hat they hlowfi.om.the 
SE. and t. \ iat. t hcy b;avc:w t.he wenii helox  i.caching 
.Japan, t.hus t.liey ti: c warm, mnisturr?-laden winds. To 
t,liese winds thc sout,hrz.i.ii cowt. of Jnpwii owes tlit? greater 
part of it.s ra.in, while Pcrmosa, \\-:hich lies fur enough. to 
the south to get. the full forco of the Monsoon. sliaras wit.li 
Chinn one of the heaviest r ~ h l s l l s  of the eatmire globe. 

0ec:a.n. currt11t.s.----It 1%-21s fornicdy thouglit, t,lint. thr 
o.ce.eaii curre1it.s w1iic.h flow in t,he udjoining setis \vert? one 
of the most important, factors of the ciinici.te of Japan. 
Recent investigations have led to a modification of this 
view. Therefore it is necessary to esamine t.he eflects of 
the ocean currents on the climate. 

There are two warm ocean currents, the Tsushima and 
the Kuroshio, and one cold curi.ent, the Oyashio. The 
warm current, called the Tsushima. enter: the sea of 
Japan through the stvait of Korea niid touches the north- 
west roast of Nippon.' The curve of the isot.hernis on the 
west coast of Japn.n, which nitty be seen in Fig. 7. is yer- 
haps clue in part to this current, although, in t-he main, 
t,lio relief is responrible for the course of t.he isotherms. 
A large uniount of the fog and rain which conies to the 
west coast during the winter niay also be due in part. t,o 
this c.urrent., since in winter the prevtiiliiig wind conies 
straight from the pait of the ocean w71iic.h is wavmed by it. 

Thc cold current., called the Oymhio, flowing in a south- 
west,erly direc.t.ion, touches the castern and sout,he! n 
coasts of H d i o d ~  be and also eastem Nippon. and -may 
contribut.c t o w d  loweiing the t,etnpn:uture of theso 
dis.ti.ic:ts. The other warm curmiit. the I<uroshio, vi1ic.h 
touches the sout,lierii coitut. of Nippon in. its course 
toward the northeast, is far niore powerful than either of 
the others. and higher in temperature t1in.n the Tsushima. 
The great amount of rain 011 the southea~tern coast of 
Japan during the summer may be partly due to this 
current. 

2 Art. 4, 1'01. XSXVII, Journal ofColl. of Sc. Imprial Univ. of Tokio. 
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In the report of the Cen- 

tral Meteorological Observa- 
tory of Japrtli, issued in 
1893, it  is stated that the 
effect. of the Kuroshio is far 
less than that of the other 
two currents, and that the 
current viow as to the great 
effect it has upon the cli- 
mate is incorrect. This 
mnclusion is supported by 
the fact that in winter the 
averageatem e r a t u r e  of 
Japan is loo #. colder than 
is normal for its 1at.itude. 
This is in striking contrast 
to the state of affairs in the 
British Isles, where the aver- 
age winter tern erature is 
30’ F. warmer t R tin is nor- 
mal for its latitude and 
shows that the influence of 
the warm currents on the 
climate of Japan is not com- 
parable to that of the Gulf 
Stream u on climate of the 

port! as is quoted above also 
emphasizes the effect of the 
two smaller currents, but 
the isoanomalous lines, as 
given in the Meteorological 
Atlas, hardly support this 
view.3 It, seems as if more 
detailed research work on 
t,he subject is necessary he- 
fore any satisfactory con- 
clusion can be dra.wn. 

Stot*ma.--Not only is the 
climate of Japan profoundly 
modified by the influence of 
the continent on the west 
and the ocean on the east, 
but the storms which sweep 
amoss it p b y  their 
Fig. 15 shows that JfEp”& 
receives a large number of 
cyclonic storm& every year. 
The shading on the map 
shows the frequency of these 
storms d u r i n  t h e  y e a r s  
1905-19 I. 5. h e  map is 
based on t,he daily weather 
maps issued by the Central 
O b s e r v a t o r y  of Tokio,  

British Is P es. The same re- 
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which are h$ far the most detailed and accurate 
data yet. available. When comparing it with niaps which 
show the frequency of c clonic storms in Europe it must 
be borne in mind that t e areas into which the Ja anese 
map is divided are 23 degrees of latitude: by 2+ egrees 
of longitude, while the more usual system is to divide thc 
map into areas of 24. degrees of latitude b~7 5 degrees of 
longitude. Allowing for this fact, it is a arent that 

the emtern pai:t of the United States4 but. that enough 

K rl 
Japan has not as many storms as western !i? urope or as 

1 Atlas of Meteorol F Bartholomew and Herbertsm (e) Plate 2 Isanomalous 1 ines. 
4 Bull. of the Geol%&. of America, Vol. 25, pp. 4 7 7 - h ,  1911. 

storms strike Japan to relieve t,he clima.te from the 
monotony which prevails in Formosa and in the coiin- 
tries which face JH an on the mainlrlnd of Asia. 

In addition t,o t, K e cycloncs t,his festoon of islands is 
visited by typhoons. Formosa lies right in their track 
arid the storliw generallv move t.oward the northwest or 
the west-northwest and sonietimes curve around to t,he 
northeast, in which case they strike the sout,lieln ,art of 

storms .5 

Japan, Fig. 3 shows the course and frequency o. \ these 

J The Climate Typhoons and Earthquakes of Formosa, Talhoku Meteordoglcal 
Observatory, Tdhoku, Formosa, 1911. 
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southern part of t,he central zone 
two crops a year are the regular 
cirder of things, wheat in winter and 
rice in summer, therefore a Central 
Zone betwren 32O F. and 40° F. can 
be defined. The south of Japan is 
semitropical. and as inany as three 
orops a year are being raised; this 
mny be termed the Southern Zone. 
Formosa, being tropical, stands by 
itself as the fourth climatic zone. 

Variations in the rainfall due to 
the var-j-ing direction of the'prevail- 
ing winds, and difference in the fre- 
quency of the cyclonic storms, make 
necmsa.r-y certain subdivisions of 
the two nort.hern of the agvicul- 
tmist4's zones. The Northern Zone 
niay be divided into an extreme 
ncrt.Iiern divisioii, with Nemuro as 
its type, where the rainfall is scant 
and a southerly division with Hal: 
otlate as t,he tvpe, where the rainfdl 
is grmter,  ma the vttriabjlit,j-, both 
in rainfall and temperature, is more 
pmnounced. On the other hmd, 
tho Cent.ra1 Zone is divided by a 
north-south line, into an eastern 
region.w-liich get.s summer rain, and 
a western region which gets winter 
rain. The other two zones of the 
iigriculturist, remtun unchanged. 

Fig. 17 shows the extent of these 
zontrs, and fig. 14 shows temperature 
and rainfall graphs of typical plarrs 
in eaoh. 

Nemuro t.ype. In t.he extreme nor- 
thern part. comprising the gyeater 
part. of t,he i4landof Pezo, the climate 
IS unusually severe for the latitude 
and unusually extreme for an island. 
The average winter tern erature is 
everywhere below 20' F! and win- 
ter continues for more than three 
months, while in the center the aver- 
a. e temperature is tis low as 12O.F. f i e  severe winter is followed by n 
summer during which the average 
t.emperature is as high as 7'0" F. in 
the center, md is nowhere less than 
60" P. Thus northern Yezo may be 
said to hare n. continental climate 
although it is R small piece of land 
entirelv surrounded bv water. 

1. T h  K t > t $ h t ~ ~ t ~ ,  Z O ) b f . - - ( ( n )  Tho 
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estremc, as is shown in figs. 5 and 7, and the rainfall in- 
creases, as i! shown in figs. 12 ancl 14. More storma are 
received, as is shown in fi . 15, and this accounts bot,li for 
the increase in the rainfal f ancl for the greater variability 
of the climate. 

FIG. l 7 . - k p  showing climatic zones. (Isotherms after Tokio Cmtral Meteorological 
Observatory. Tokio.) 

2. The Central Zcnr.-(cc) The Tokyo type. This zone 
comes nearest to the optimum both in temperature and 
humidity (as defined by Prof. Huntington),' as well as 
Being the most variable on account of the storms. It is 
interesting to note that this zone includes the most pro- 
gressive part of Japan where manufactures are springing 
up, where trade is most vigorqus, where the university 
is the oldest and most energetw, and where the seat of 
government is situated. .. 

art of the eastern coastal strip of J a  an 

regions on the op oslte coast (fi . 7). This can perha s 

protecting backbone of mountains which shelter the 
coastal strip from the bitter winds from Siberia, and 
cause it to have fine clear weather during the greater 

The central 
is a good dea P warmer in winter than correspon (t! mg 

be explained as t Yl e influence o f the Kuroshio and t g e 

-I_ 

t World Power and Erolutlm, Ellsworth Huntingtm, New Haven, 1919, Pp. 58-101. 

part of the winter. I t  is, however, cold enough for 
snow to fall in all arts and to lie upon the pound 
even in the south. &e relief is of the greatest aaslstance 
to the farmers since the sheltered slo es face southwad 
and thus get greater insolation. TKe cyclonic storms 
are most frecuent in this part (fi 15) and account in 

in tlie rainfall graph durin the summer months being 
due to the fact that the cyc B onic storms are less frequent 
in July t,hm in June or AuoUst.* Ranges of hi h moun- 
tains running parallel to tge coast receive the 5 ull force 
of t.he prevailing winds from the ocean and cause this 
cortst,al strip to he one of the rainiest parts of Ja an. 

( b )  The Niigata type. The western coastaf region 
does not differ greatly in temperature from that of the 
eastern coast, but most people would find it a much less 
cigreeable climate, since it gets far more rain and fog, 
and less bright sunshine. In  winter, during the replar 
rainy season, not a da passes without some ram or 
snow brought hv the 6 itter northwest winds, and in 
slimmer the cyclonic storms bring a y d  deal of rain, 
the same double maximum being note as in the Tokyo 
graph. 

3. The Southem Zonp.-This zone is semitropical. 
Its average winter temperature is over 40' F. The 
climate is warmer than that of the Central Zone although 
snow falls in the winter and sometimes lies on the ground. 
Its average summer temperature is between 75" and 80' 
which is rendered enervating by its great humidity. The 
rainfall is very heavy, being over 80 inches a year north 
coast, the greater part comes in summer. Cyclonic 
storms are numerous and the variability, thou h less 
than the Tokyo type, is still considerable, so t a at its 
climate is far more stimulitfng $hhn that of Formosa. 

4: Fom.os~~.~-Formosa is situa.ted on the Tropic of 
Cancer and has a tropical climate. "he summers are 
long and are accompanied by !ntense heat. The tran- 
sition from summer to winter IS very rapid, the warm 
season coming quickly after the cold months. The 
winters are short and no severe cold is known althou h 

is unknown on t.he lower levels. 
In Formosa the year is divided into two seasons; 

suiiimer from April to October and winter from November 
t.0 March. 

The mean monthly temperature of Janua is in the 

hot,t,est part of the year, the mean monthly temperature 
ranging between 79' and 82' F. No marked variation 
between north and.south is seen during these months. 
The daily masimum will often rise aboqe 86' F. and 
continue so for a whole month. Sometimes the east 

6 Atlm ol Meteorology plate 28. 
9The Climatc T p h k  and Earthquakes of Formoss, Taihoku Meteorologhl 

part for the b eaqy summer rainfal, gi tlie noticeable dip 

high mouiitain peaks are snow capped; frost, tm a ru f e, 

coolest parts over 60' F. June to Septem 7 er is the 

Obserratory, Tahoiu, Formosa, 1914. 
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* 3) Southern zone. I! (4) bomw (tropical zone) 

coast near the bqrder experiences a hot, dry wind similar 
to the foehn, which raises the temperature considerabl . 

In winter the. north differs somewhat from the soutk. 
Februarv is the coldest month. with 68" F. average 

Average nion!hly temperature in C. 

(2) c e n t d  zone. (1) Northern zone. 

During the winter a strong northeast monsoon blows 
steadily and this, combined with the mountains, causes 
heavy rainfall in the north, which lasts for several months. 
Rashoryo on the hillside near the eastern coast is prob- 
ably the wettest place in the Fpr East, having an average 
rainfall of 7,338 mm. (289 in.). The west coast gets less 

During the summer the southwestern monsoon prevails, 
and except during the occurrence of a typhoon the winds 

Jan.. ..... 
%!:::I:: z;.::::: 
June -.... 
%::I:::: 
ET!:::::: 
:E---;? 

rain because it is protected by the mountains. Nov ....__ 

thunderstorms give abundant ruin- vation.. 

monthli temperature in the south, and 57" F. in tge 
north. 

W I N D  A N D  RAIN.  

-5.1 

1::; 
i:: 
9.8 :::: 
ii:: 

-'.' 
4.3 

33 

1.5 
1.2 
4.5 

10.4 
15.0 
19.3 
23.5 
25.5 
21.3 
15.1 
9.4 
4.1 

-3.1 
-2.6 

0.7 
6.4 

10.4 
14.2 
18.5 
21.3 
17.4 
11.4 
5.3 

-0.3 

I  an ....... 1 1 
Feb.. . . -. 
Msr . .. . . . 

Jan ..._... 
Feb _._.__ 
Mar _.___. 
Apr ___._. 
May ....__ 
June ..... 
July ....__ 
Aug ...._. 
sept .-...- 
Oct ....... 
Nov ._.._. 
Dec ...__. 
N o .  of 

6.0 
4.4 
9.2 

14.4 
17.0 
21.6 
25.5 
26.6 
23.4 
18.8 
12.8 
7.9 

Api ._.._. 
May .._... 
JW.. . . .  
July ... . -. 
AUK ...... 
sept ...... 
Oct ....... 
Nov .._._. 
Dee _..... 
N o .  of 

12.6 
16.5 
m.4 
23.8 
25.4 
21.8 
15.8 
10.3 
5.3 

Nemu- 
ro. 

The earliest ty hoons that visit Formosa occur in May 

ber to April there ake none. 
they generally occur. and their frequency may be judged 
from the fact that in the 17 years from 1S97 to 191.3 

and the latest in % ovember, and sometimes from Decem- 
August is the nionth when 

Jan...-..- 28.5 
Feb ...... 21.1 

deerage nunlthly rahfall  in inin. 

Hakw 
date. 

55.8 
57.7 

Mar .__... 43.7 64.1 

ay ..._.. m.7  80.1 
June ..... 90.6 89.9 

_..... 70.2 69.3 

J U h  ..... 1 85.9 1 138.0 

~- 
Jan ....... 
Feb ...... 
Mar ...... 
A r .__... 2 ay ._.... 
June ..... 
July ... . . . 
Aug ...... 
Sept ..__. . 
Oct ...... 
Nov _..... 
Dee. ..... I- Total ... 

Auk ...... 94.0 129.3 
Sept ...... 134.5 188.4 

Dee .._... 62.10 I 79.3 

OCt Nov..-../ ...... 88.1 79 11 114.3 95.8 

57.1 
58.0 

100.2 
131.8 
158.9 
153.8 
143.3 
145.2 
210.6 
180.1 
100.3 
54.1 

1,500.4 Total ...I, 825.7 i 1,142.0 

88.3 
125.2 
104.6 
108.0 
8 . 8  

132.9 
158.9 
130.9 
186.6 
146.3 
182.5 
232.6 

15.7 
14.0 
16.9 

23. P 
26.6 
27.9 
27.7 
24. 2 
23.3 
19.6 
16.7 

m. 7 

18 

91.0 
130.7 
175.8 
137.6 
204.9 
u1 .4  m. 0 
248.9 
233.2 
101.7 
72.6 
93.1 

~~ 

' (3) Southern zone. Central zone. (4) Formosa (tropicalzone). 

Jan .._._.. 
Feb .....- 
Yar .....- 
Apr _..._. 
May __..._ 
June ..... 
July .__... 
Aug ...... 
sept ... .. . 
Oct ..__.. 
Nov .....- 
Dee .._... 

1 Tokio. 

78.9 
81.7 

130.1 
196.6 
180.1 
294.9 
245.3 
177.5 
210.9 
117.6 
85.4 
85.4 

- 
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HISTORICAL NOTE ON CHARTS OF THE DISTRIBUTION OF TEMPERATURE, PRESSURE, 'AND WINDS OVER THE 
SURFACE OF THE EARTH. 

The state of the atmosphere a t  any given oint is com- 

that-point of the six meteorologieai! ezements-temperature, 
pressure, wind, humidity, cloud, and precipitation (elec- 
trical state has no influence on the phenomena we are 
oonsidering). The day to day fluctuations of these ele- 
ments, caused by disturbances in the atmosphere, consti- 
tute weather, whereas the "normal" values, obtained by 

of observatisns in order to 

pletely determined when we have gven t 1 e values at  

gra hically by means of isometric charts. 
Por purposes of. theoretical and dynamical meteorolo y, 

without, however, Boing into an minute climatological 

utility for practical meteorology, other than descriptive 
climatolo y, as pointed out, e. g . ,  by J. Rouch, Pripara- 

Yeteorologicaf phenomena are all due to the flood of 
energy received from the sun; hence the measurement of 
the amount of sohr radiation, and the distribution of 

it is essential to have such charts for the entire glo % e, 

details. "Normal' values have i ut  little significance or 

tiom Bit f orolop ues pour k s  Voyages Airiens, Paris, 1920. 

i,naoZution over the surface of the earth and throughout 
time, become of fundamental importance as subjects of 
investigation.' 

The primary meteorological phenomenon to which in- 
solation gives rise-temperature, and its diurnal and 
annual variations-must be assigned first plaqe in the! 
chain of cause and effect in meteorology: were the siin 
blotted out of existence, a lifeless uniformity would 
take possession of the earth; WQIW the distribution of 
temperature over the earth alwa s the same and the 
temperature uniform, a calm e uiyibrium would ensue.? 
The temperature, pressure, an1 prevailing winds, be- 
cause of their intimate relations with one another, are 
bost dealt with tooether; taken in con'unction with the 

remaining elements, and the climatological charac teris- 
tics of any region. 

topography, etc., h e y  determine the d istrihution of the 

* C Dorno On Observatlons of Solar and Sky Radiations and Their Im ortance 
t O C h k h o ~  &d Blologp and RISO to Ge hys1W-d AstronOm MONTHLY ~ ) E A T H E B  
REVIEW 48 18-24 1920. J. B. IiIncer,%n hine in the Un&d States MONTHLY 
WEATH& d ~ v r ~ w ' 4 8  12-17 19XT H H I d f i l l  Variationsin the totalaid luminous 
Solar Radiation a h  heogrLphIcb pk&m in th i  United States, MONTHLY WEATEEB 
REVIEW 47 769-793, 1918; A m i &  oJ fhs A&ophyakal ObsmWory o/ the Smlhsonfur 
InstWdn h s  1-3. 

'Lap&, Mk. Ckl., Bk. 1, Art. 37: Bk. 3 chap. VU. Ferrel Rrpt. U. 8. h a t  Sur- 
uey, 18i8, p. 402; W. 1. Humphreys, Phy8fc8 bftAc Air, chap. vi(. 


